The elasticities of substitution between imported and domestically produced goodsArmington elasticities -are estimated in this paper for the Philippines. The estimated elasticities are intended for use in a large, empirically based computable general equilibrium model of the Philippine economy. Armington elasticities are known to be important for the properties of these models but are seldom estimated empirically.
Introduction
Empirical estimates are presented in this paper for the elasticities of substitution in demand between the imported and domestically produced forms of over 30 tradeable commodities in the Philippines. These so-called Armington elasticities (after Armington, 1969) are based on the differentiation of products with respect to their origin and the imperfect substitution in demand between imports and domestic supply. 1 The estimates of these parameters are intended for use in a 50 sector computable general equilibrium (CGE) model of the Philippine economy, known as APEX. 2 Models of this kind are widely used for policy analysis in both developed and developing countries but the parameters used within them seldom possess a solid empirical basis. This is especially true of Armington elasticities, even though the properties of CGE models are known to be sensitive to the values of these parameters. This paper thus attempts to contribute towards improving the empirical foundations of these models.
The economy of the Philippines, alongside other Southeast Asian economies, exhibited relatively high growth rates in the two decades preceding the 1973-74 oil price shock. Since then the economic performance of the Philippines has been well below the Southeast Asian average. Throughout this period, however, the Philippines has remained an open economy with the share of imports in GDP increasing from under 20 per cent in the early 1970s to over 25 per cent in the early 1990s.
With the successful conclusion of the Uruguay Round of the GATT in 1994 the Philippines, like many other developing countries, is now under pressure to reduce its average rates of protection under the agreement. Analysis of the economic effects of reduced protection is consequently of great policy interest in the Philippines. The degree to which imported and domestically produced goods substitute for one another in demand is central to such an analysis. The values of the parameters representing the rate at which this substitution occurs are thus highly relevant for empirical inquiry.
The remainder of the paper has five sections. Section II discusses the importance of Armington elasticities in CGE models. Section III outlines alternative methodologies for estimation of Armington elasticities using time series data. Section IV discusses some data-related issues. The results are presented in Section V while Section VI concludes the paper.
Theoretical Background
In an open economy, each commodity can be differentiated according to its source of production: domestic and foreign (that is, imports). We shall assume that all supplies of a particular good originating domestically are identical, as viewed by purchasers of the good, and all foreign sources of that good are also regarded as identical.
However, domestic goods and imports are considered different. Thus, domestic absorption consists of the demand for an aggregate of the domestic and imported product with the actual mix of the two commodities in the market place being determined by their relative prices and the degree of substitutability (or similarity) between them. The traditional trade-theoretic analysis of import demand is founded on the assumption of perfect substitution between domestic and imported goods, but this simplifying assumption is potentially misleading. It is unable to explain the observed continued demand for goods from both sources despite changes in their relative prices over time.
The degree of substitutability between domestic and imported sources of supply (or, conversely, the degree to which they are differentiated) is captured by the Armington elasticity. The higher the value of this parameter, the closer the degree of substitution. In other words, a high value of this parameter means that imports and domestic supplies are considered by purchasers to be virtually identical; they would be exactly identical if the parameter was infinite. On the other hand, a low value of the parameter means that the two products are dissimilar or, equivalently, that they are weak substitutes. Armington elasticities constitute a significant subset of the parameter space of the demand system. They play an important role in applied CGE modelling, especially for analyses directed at quantifying the economic effects of trade policies.
When the tariff applied to imports of a particular commodity is increased, this change raises the domestic price of the imported commodity (assuming no change in the exchange rate). Nevertheless, the effect that this change in the tariff has on the price of the domestically produced commodity is what determines its domestic resource allocation effects. If the imported and domestically produced goods are perfect substitutes, then the price of the domestically produced good will necessarily change by the same proportion as the price of the imported good. However, if the goods are imperfect substitutes, the price of the domestic good may not change by the same proportion as that of the import. Thus, the impact that changes in trade policy have on the structure of domestic production depends very much on the degree of substitutability between domestically produced and imported commodities, and this is what the Armington elasticity captures.
The above discussion assumes that all imported sources of a good are identical. They may, of course, be quite different. Models which differentiate all imports by country of origin have been developed, but these models usually cannot be implemented empirically because data on the quantities and prices of imported goods seldom identify them consistently and comprehensively by country of origin. The empirical literature -including the present paper -concentrates on the differentiation between domestic supplies and imports, rather than on the differentiation among imported
supplies. An oversimplification is obviously involved in such an approach but it would seem of second-order of importance in most cases. The difference between domestic goods and imported goods seems likely to be greater than the differences among imports derived from different source countries.
The discussion also treats all domestic purchasers of particular goods as being identical in their demands and, in particular, in their assessment of the substitutability of imported and domestic supplies. The categories of domestic demand include final consumers, intermediate good purchasers, investment good purchasers and the government. These diverse domestic users of the good may all have different perceptions as to the degree to which domestic and imported supplies substitute for one another. Armington parameters could, in principle, be estimated separately for each of these levels of demand, but, again, available data can seldom sustain such an attempt. Empirical studies have thus normally had to rely on data relating to the aggregate demand for imported and domestically produced forms of individual goods, without distinguishing among the various levels of domestic demand.
There have been surprisingly few empirical estimates of Armington elasticities.
Attempts at estimation were undertaken for various countries by Stern, Francis and Schumacher (1976) . The resulting estimates varied widely, but centred around unity. Alaouze, Marsden and Zeitsch (1977) produced estimates for a few commodities for Australia, the estimates averaging around 2.0. Most CGE modelling studies have not undertaken direct estimation of Armington elasticities but have instead drawn heavily on these few very rough estimates. Default values, usually 2.0, have thus been used in many of these models (see, for example, Dixon, Parmenter, Sutton and Vincent, 1982; Dee, 1989; Martin, 1989) .
A study by Shiells, Stern and Deardorff (1986) provided an indication of the likely problem with such 'best guess' values in the context of estimating substitution elasticities for disaggregated industries. In particular, they showed that an estimation procedure which takes account of potential econometric problems (such as dynamic mis-specification of the model) produces elasticity estimates significantly different from such 'best guess' values. More recently, Reinert and Roland-Holst (1992) presented estimates for 163 mining and manufacturing commodities in the United States based on extensive processing of detailed data bases from several US government departments and utilising a partial adjustment model.
Because of the data problems inherent in attempting to measure commodity or sectorspecific prices and quantities by origin, empirical estimation of Armington elasticities is recognised to be difficult (Abbott, 1988, Goldstein and Khan, 1985) . Nevertheless, in view of the demonstrated importance of these parameters for the functioning of general equilibrium models (Pagan and Shannon, 1987) , the lack of an adequate empirical basis for the values actually used in such models is unsatisfactory.
Methodology
Let X j i t ( ) and X j d t ( ) denote the quantity of imports and domestic production, respectively, of commodity j at time t and let P j i t ( ) and P j d t ( ) denote their respective price indices. The elasticity of substitution between imported and domestic goods for sector j, σ j , can be defined as the proportionate change in the ratio of quantities divided by the proportionate change in the marginal rate of substitution in demand between these two goods. The CGE modelling approach we adopt assumes utility maximisation on the part of final consumers and cost minimisation on the part of intermediate good demanders and other users. Imposing this assumption during estimation permits use of the ratio of observed prices as a measure of the marginal rate of substitution. Thus, σ j can be written as:
The form of the Armington demand function is clarified further by rewriting the variables of the demand system in proportional change form. Thus, suppressing the time variable t, the proportionate change in the demand for commodity j from source s (either imports i or domestic supplies d) may be written as
where 
The demand for domestic supplies (s = d) becomes
where β σ After some transformations of equation (1) we can arrive at the basic estimable relationship between quantities and prices:
where α j 0 is a constant of integration, u t j ( ) is a white noise error of the estimable model and the estimated value of σ j is given by the estimate of α j 1 . Equation (5) can now be potentially employed in estimation of the σ j 's, given the appropriate data on prices and quantities. For convenience, we shall subsequently refer to it as the
Ordinary Least Squares (OLS) model.
Such a specification has, in fact, been estimated in an Australian study (Alaouze, Marsden and Zeitsch, 1977) as one of the alternative model formulations. The loglinear specification conforms with empirical tests of Khan and Ross (1977) and Boylan, Cuddy and O'Muircheartaigh (1980) , among others, regarding the empirical specification of the aggregate import demand equation.
There are, however, two major reasons why equation (5) may not yield optimal estimates of the parameter of interest. First, being a static specification, this equation
is not likely to capture adequately the dynamic relationships between imports, domestic production and prices. In particular, the process of adjusting the import/domestic product mix in response to price changes may not be complete within the period covered by a single data observation. The exclusion of relevant variables describing the dynamics of adjustment may, therefore, result in biased and inconsistent estimates of σ j Second, the quantity of imports entering a country is frequently subject to various regulations, such as tariffs or quantitative import restrictions, imposed by the government. In addition, short-run changes in the state of the domestic demand (or the level of the domestic capacity utilisation) may lead to changes in import demand which are (temporally) independent of relative prices. Such an outcome is especially common as a result of short-run domestic shortages or rationing of a particular commodity. Thus, the exclusion of this relevant information is again likely to bias the estimates of σ j . Again, the study by Alaouze, Marsden and Zeitsch (1977) , as well as that of Alaouze (1977) , which used more aggregate data, illustrates the importance of such additional variables.
One procedure which overcomes the problem of incomplete adjustments in the markets relies on estimating a partial adjustment model (PAM):
The estimated short run value of σ j is given by the estimate of β j 2 . Such a model is derived from minimisation of a quadratic loss function (see, for example, Johnston, 1984) which attempts to capture costs to economic agents of adjusting quantities demanded in response to changes in prices. Although the partial adjustment model is an improvement on the static equation (5) Engle and Granger (1987) has put forward a class of models, the error correction models (ECM), of the following form:
where D j ( t ) is a qualitative indicator (dummy variable) of trade restrictions in sector j, Z j ( t ) is a vector of other sector-specific indicators, such as the pressure of demand in sector j, and ∆ indicates the difference operator. The estimated value of σ j is now given by the estimate of γ j 1 .
This type of model is based on the long-run relationship between variables. In particular, it is postulated that non-stationary variables may nevertheless form a stationary relationship in the long-run. Such a stable relationship, called the cointegrating relationship, often represents the long-run equilibrium postulated by economic theory. Thus, equation (7) reproduces in equilibrium the basic relationship defining the Armington elasticity, that is, equation (5). In addition, the ECM formulation and the cointegration of variables have been shown to be alternative manifestations of the same relationship (Engle and Granger, 1987) . Finally, model (7) also has the desirable property of including both adjustments in import demand due to changes in relative prices and adjustments due to past disequilibria.
Data Characteristics
From the above discussion it is clear that a highly detailed data set is necessary for comprehensive estimation of the Armington elasticities for an economy-wide CGE model. Our data set comes from the National Statistics Office of the Philippines and other Philippine government institutions. 3 The data cover time periods which vary somewhat for the different commodities studied but which span the period from the mid-1970s through to late 1980s for the majority of commodities. For the purposes of estimation we have constructed from the original annual time series of values and quantities a data set consisting of quantity and prices of imports and domestic production subdivided into sectors corresponding to the tradeables sectors of the APEX model. These data were then used to construct the required series of levels and proportionate changes in quantities and prices.
It was possible to assemble useable data for only 33 of the 42 tradeable commodities defined in APEX, partly because of problems with product classification and aggregation and partly because of non-availability of data. 4 In particular, some goods, such as rice, were subject to stringent import restrictions and even total bans on importation for extended parts of the sample period and meaningful estimates of the elasticity of substitution for such commodities could not be obtained. The combined contribution of these nine omitted commodities to the 42-commodity totals of imports and domestic production were 5.5 per cent and 9.8 per cent, respectively. Table 1 provides, in the first two columns, an overview of the relative importance for total consumption of each commodity of domestic production and import supply.
Three commodities (9, 10 and 28) each contribute in excess of 10 per cent of the total domestic production of all 33 included commodities. The majority of other sectors each contribute between 0.1 per cent and 7 per cent, with only a few at the upper end of this range. On the import side, three commodities also stand out (11, 27 and 30).
Clearly, importance in domestic production does not coincide with importance in total imports. For example, forestry accounts of 17 per cent of domestic production but only 0.06 per cent of imports while, conversely, crude oil accounts for over a quarter of total imports but just 0.03 per cent of domestic production.
[ Table 1 about here]
4 The nine omitted commodities/sectors and their sectoral codes within APEX are: sector 1 -irrigated rice; sector 2 -non-irrigated rice; sector 4 -coconut, including copra; sector 5 -sugarcane; sector 9 -agricultural services; sector 15 -inland fishing; sector 29 -other made-up textile goods; sector 36 -non-ferrous basic metal products; and sector 38 -semiconductors.
In addition to the main quantity and price data it was possible to obtain data on two indicators of the presence of quantitative import restrictions. 5 These data do not distinguish between tariff quotas or other non-tariff measures (such as import licensing or quota restriction) and identify only broad sectors rather than individual commodities which, with appropriate weighting, would have been a more appropriate measure of the severity of import restrictions. Nevertheless, the resulting dummy variables indicating the presence of either some restrictions to trade or complete bans affecting some commodities within each sector provide a potentially useful addition to the data set. Table 2 summarises this information by presenting the proportion of each commodity's sample period during which either some trade restrictions or total bans were implemented, affecting some products within that commodity category. These data indicate a much greater variability in the extent of restrictions than bans as well as longer durations for restrictions than bans.
[ Table 2 about here]
Before turning to estimation results we shall examine the stationarity properties of the data. This is important because recent econometric research (see, for example, Engle and Granger, 1987) suggests that the stationarity properties of economic time series have a significant bearing on the estimation of parameters. The investigation of the unit-root stationarity and the cointegration properties of the variables appearing on both sides of equation (5) permits a preliminary assessment of the suitability of the error correction model specification and may throw additional light on the dynamic behaviour of the quantities and prices of each commodity.
Our test results for stationarity and cointegration are summarised in Table 3 . Given the small sample sizes available in our data base these results should be regarded as indicative only. 6 Nevertheless, an interesting picture does emerge. The overwhelming majority of the quantity and price series appear to be integrated of order one (that is, non-stationary). This suggests that the conventional estimation of results as a consequence of the trending behaviour of the underlying time series. [ Table 3 about here]
Results
Estimates were obtained from three model specifications: ordinary least squares (OLS), the partial adjustment model (PAM), and the error correction model (ECM), which correspond to equations (5), (6) and (7) above, respectively. These basic model specifications provide the results shown in columns (1), (4) and (7), respectively, in Table 4 . In addition, each of the three basic model specifications was augmented with a trade restriction dummy variable (columns (2), (5) and (9)) or with a trade ban dummy variable (columns (3), (6) and (10)). Finally (in column (8)), the basic ECM was also estimated in a restricted form with no constant term (that is, with the parameter γ j 0 in equation (7) suppressed).
[ Table 4 about here]
The complete set of estimated equations as well as their diagnostics are presented in a Statistical Appendix to this paper, available upon request. Table 4 summarises the main results by providing only the estimates of the commodity-specific Armington elasticities. Just over half of all σ j estimates are positive, as expected, and significant. About one-fifth of all estimates are negative, but none of these 'wrong' sign estimates are statistically significant. Clearly, the OLS and PAM specifications frequently resulted in major statistical deficiencies. On the other hand, the majority of the ECM models fit the data well and present no major statistical problems.
[ Table 5 about here]
The overwhelming majority of the significant estimates of σ j are either greater than unity or very close to it. This pattern can also be observed from Figure 1 which plots the estimated elasticities obtained from the basic model specifications (that is, without the trade restriction dummies) for all commodities. The significantly estimated elasticities for the basic ECM specification range from 0.2 for metal products (commodity 30) to 4.1 for sugar milling and refining (commodity 14) and they are spread evenly between agricultural and non-agricultural commodities.
[ Figure 1 about here]
Closer examination of the diagnostic results reveals significant differences in the fit of the three models. 7 In general, well-fitting models also produced significant estimates of the elasticities of substitution while poorly fitting models resulted in Armington elasticity estimates which were either insignificant or of the wrong sign. In addition, models from the latter category showed deficiencies in several areas such as misspecification of the regression equation, lack of stability or residual autocorrelation. Finally, it is notable that the ECM models that produced significant estimates of the elasticities of substitution were also able to explain up to 90 per cent of the variation in the differences of the dependent variable -a proportion which usually can be achieved only in equations explaining the levels of economic variables which are trending.
7 See the Statistical Appendix to this paper, available upon request.
To assess the estimated models further and to provide scope for testing their performance, non-nested tests have been performed on the three basic specifications which exclude the trade restrictions variables. In particular, the J test was utilised for pairwise model comparisons. This test relies on evaluating the usefulness of the predictions from the alternative model specification in the tested specification. 9 The J test takes each of the three model specifications as the null hypothesis and thus provides an opportunity for each formulation to falsify its rivals. The outcomes of these tests are summarised in Table 6 . The results provide significant support for our methodological arguments behind the need to use dynamic models in estimation of Armington elasticities. Thus, the OLS specification is rejected in a third of the commodities studied by the dynamic partial adjustment model but in over two-thirds of the cases by the error correction model. The PAM specification is also rejected by the theoretically superior ECM specification in over a third of the cases. On the other hand, the few rejections of the ECM specification are mostly at higher significance levels and, therefore, cannot be regarded as substantial evidence against the ECM specification.
[ Table 6 about here]
Overall, the empirical results suggest that the basic ECM specification provides an adequate characterisation of the process of substitution between imports and domestic production. Its estimation yields statistically significant estimates of the Armington elasticities, suitable for use in further applied work such as that involving the use of the APEX model.
Conclusions
In this paper we have provided estimates of the elasticities of substitution between imported and domestically produced goods -Armington elasticities -for the Philippines. The elasticities are intended for use in a large, empirically based computable general equilibrium (CGE) model of the Philippine economy. We have discussed some econometric issues associated with the estimation of these elasticities and compared alternative model specifications according to their statistical adequacy.
The stationarity properties of the time series data used for estimation and a comparison of the estimated models strongly suggested the error correction model as the most appropriate specification. The estimated elasticities of substitution range from 0.2 for metal products to 4 for sugar milling and refining with a majority of these estimated elasticities greater than unity.
Armington elasticities are known to be important for the properties of CGE models.
Nevertheless, builders of such models seldom estimate these parameters empirically, preferring to borrow from the handful of estimates available in the literature. These estimates usually relate to countries other than those represented by the CGE models into which the parameters are to be included and often also relate to levels of commodity aggregation and definition quite different from those characterising the CGE models concerned. Many of the estimates available in the literature also suffer from statistical deficiencies in estimation, especially as regards their dynamic features.
Limited resources are often available for econometric research and, to this extent, compromises are inevitable. But the reasons cited for compromises as to the empirical basis for the parameters used in CGE models also frequently include "lack of data". The results of this paper suggest that estimation is possible for developing countries, like the Philippines, for which economic data are generally considered poor. The available time series data present genuine problems. Nevertheless, provided appropriate account is taken of the dynamic properties of the data, they are still capable of sustaining empirical estimation of Armington elasticities. Notes: (i) The proportions are based on commodity-specific data samples.
(ii) The periods of restrictions and bans were taken as the most intensive periods of trade impediments. Notes: (i) ADF, F(2) and F(3) are the unit root tests (see Fuller, 1979, 1981) . CR-DW is cointegration test based on the Durbin-Watson statistic (Engle and Granger, 1987) .
(ii) The critical values at the 5% level are: for stationarity tests (sample size = 25): ADF = -3.6, F(2) = 5.6, F(3) = 7.2; for cointegration tests (sample size = 21): CR-DW = 1.0, ADF = -1.9. 
